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Introduction 24
The utilization of forestry waste products in the advanced (lignocelluosic) biofuels sector, or in 25 the recovery of potentially useful value added speciality chemicals remains challenging due to the 26 highly recalcitrant nature of these residues. This is as a result of the small internal pore spaces in 27 wood cell walls as a result of the highly cross-linked lignin component and the linear, crystalline 28 nature of the cellulose backbone in lignocellulose materials, which limits the accessibility to enzymes 29 during pre-treatment and prior to downstream bioprocessing. Currently, there are a range of 30 chemical and physical pre-treatment approaches used for different biomass feedstocks, in order to 31 facilitate optimised downstream fermentation for the production of biofuels and platform 32 chemicals, but each have their limitations [1] . Fungal degradation of wood will reduce the structural 33 integrity and increase the porosity of wood allowing easier physical disruption and greater access of 34 chemicals and enzymes further into the wood structure. The application of biological pre-35 treatments, using edible fungi in particular, should be considered as a sequential strategy in the 36 biomass processing of challenging forest biomass substrates [2] . 37 38
The cellular construction and chemical composition which form the wood structures varies 39 between different tree species and this has an impact on the utilisation of biological pre-treatments, 40 including fungal decomposition [3] . Understanding the relationship between the cellular structure 41 of different wood species and the relative ease of fungal mediated degradation, could therefore 42 have a major impact on future pre-treatment strategies for forestry residues and their valorisation 43 within integrated biorefineries [4] . Fraxinus excelsior (ash), Acer pseudoplatanus (sycamore) and 44
Quercus robur (oak) are tree species commonly found in Europe, yet no study has compared fibre 45 analysis of these species. However, separate values obtained from different studies reveal that 46 cellulose forms a considerable component of most hardwoods, and in these particular tree species 47 constitutes between 38-50% [5, 3, 6, 7] . In some of these studies, the Klason lignin contents 48 reported were 26% for F. excelsior and A. pseudoplatanus which was higher compared with Q. robur 49 which ranged from 22-24%. Factors affecting fungal decay of Q. robur have shown that moisture 50 content is important and that wood sources from different geographical locations seemed to yield 51 similar rates of decay [8] . 52 53
The vessels are an important anatomical feature which provides wood rot fungi with a 54 conduit into the centre of wood, as demonstrated with Phellinus flavomarginatus which has been 55 shown to enter the wood chips of Eucalyptus grandis through fibre vessels and pits [9] . Besides 56 providing fungi with access into the wood structure, the vessels facilitate gaseous exchange. The wet mass of wood in the microcosms and the moisture content were determined with 121 samples collected at the start and end of the experiment. The change in moisture content during 122 autoclaving was also taken into account, to calculate the moisture content of the microcosms at the 123 start of the experiment. At the end of the experiment, each microcosm was weighed and a sample 124 was removed after thoroughly mixing the contents with a spatula in order to determine enzyme 125 activities. The residual wood chips were oven dried to determine moisture content which was 126 calculated by subtracting the dry mass from the total wet mass and dividing by the total dry mass. 127
The oven dried wood chips were ball milled in order to determine fibre analysis and ash content. 128
The ash content was determined by heating 1 g in a muffle furnace for 4 h. The total quantities of 129 hemicellulose, cellulose and lignin that were degraded by each fungus were calculated by factoring 130 in mass losses. 131 132 2.3 Enzyme activities 133 134
Enzyme activities were determined from fungal cultures growing in fungal degraded wood (5g) that 135 was suspended in 1 mM sodium acetate buffer (100 mL) at pH 5 and vigorously blended for 1 min in 136 a Waring Blender. The macerated wood extract was centrifuged (11,337 xg 1 min), 1 ml supernatant 137 was removed, filtered through a 0.2 µm membrane filter (Millipore) and serially diluted 10 fold in 1 138 mM sodium acetate buffer, pH 5. Laccase activities were determined in 1 M sodium acetate buffer, 139 2.4 pH 5 with 0.5 M 2,29-azinobis (3-ethylbenzthiazoline-6-sulphonate) (ABTS) and manganese 140 peroxidase activities were determined in 50 mM sodium succinate (pH 4.5), 50 mM sodium lactate 141 (pH 4.5) using 0.1 mM MnSO4, 0.1 mM phenol red and 50 µM hydrogen peroxide and measured in a 142 microplate reader at 610 nm as previously described [14] . Cellulase activity was determined using 143 cellulose azure (0.2g) that had been pre-washed repeatedly in deionised water and centrifuged until 144 no colour appeared in the supernatant, and as previously described [15] . The washed cellulose 145 azure pellet was resuspended in 0.05 M sodium acetate buffer (50 mL), pH 5. The assay was 146 performed using 100 µl enzyme extract and 300 µl cellulose azure (Sigma) suspension. The samples 147
were incubated with shaking at 500 rpm (30 °C for 24 h), although 100 µl was removed initially to 148 determine the baseline at time zero and absorbance was measured in a microplate at 595 nm. 149
Xylanase activity was determined using Remazol Brilliant Blue R−D-Xylan (0.1 g) (Sigma) that was 150 dissolved in 0.05 M sodium acetate buffer (50mL), pH 5. The assay was performed as described for 151 cellulose azure, except two volumes of ethanol were added to 100 µl xylanase assay extract and 152 centrifuged at 9,000 xg [16] . The supernatants (100 µl) were placed into a microplate and the 153 absorbance measured at 595 nm. The absorbances were compared with cellulase activity from 154
Aspergillus niger (Sigma) and xylanase activity from Thermomyces lanuginosus (Sigma). In most 155 cases, each fungus had completely colonized all of the wood present in the jar within a period of one 156 month. It was assumed that this colonisation is not homogeneous, with the oldest hyphae at the 157 centre of the jar closest to the inoculation point and younger hyphae at the edge of the jar. show the least mass loss and a similar trend between significant moisture loss and low mass loss was 204 observed with the other wood species. Treatment of the wood with T. versicolor 2 and P. radiata 205 resulted in the highest levels of degradation, as indicated by the percentage mass losses of 31.8 ± 206
1.4% and 31.5 ± 0.8% (Fig. 2) Correlation analysis revealed that mass loss of F. excelsior showed a positive correlation with cellulose degradation and cellulase activities ( Table 2 ). The percentage of acid detergent lignin remaining in the decomposed F. excelsior appeared to be lower with C. subvermispora, compared with the original starting material (Fig. 3) . However, the reported lignin contents in this study were slightly higher 315
(1-2%), compared with previous studies and may be due to tree to tree variations [5, 17] or slight 316 differences in laboratory measurements. 317 318
The diameter of largest vessels were found in Q. robur and the smallest found in A. 319 pseudoplatanus which was as previously reported [10, 11] . The actual diameter dimensions were 320 generally lower compared with vessels found in tree trunks [10] but larger than those found in the 321 stems [11] . However, wood is composed of vessels with many different sizes and it is perhaps 322 difficult to make an accurate correlation with degradation characteristics. Nevertheless, the data did 323 reveal a clear correlation between vessel sizes and moisture loss, where high moisture losses were 324 determined with Q. robur. It is possible that only fungi showing rapid colonization of Q. robur would 325 cause significant degradation before the sudden decline in moisture conditions. 326 327
Fungi degrading F. excelsior that showed higher levels of cellulose degradation compared with 328 hemicellulose degradation appeared to cause the most mass loss of wood chips, compared with 329 other fungi, which showed similar levels of hemicellulose and cellulose degradation. These fungi 330 may be described as non-selective lignin degrading fungi which produce significant amounts of 331 enzymes close to the hyphae, thereby creating troughs in the cell wall vessels [2121] . In contrast, 332 selective lignin degrading fungi create boreholes through lignin barriers to allow fungal growth 333 and lower enzyme activities may result in lower mass losses. Correlation analysis also demonstrated 334 a positive relation between mass loss of F. excelsior with cellulose degradation and cellulase activity. 335
Fungi resulting in higher mass losses of A. pseudoplatanus also showed much higher levels of 336 cellulose degradation, and correlations were found between mass loss with not only cellulose 337 degradation but also hemicellulose and lignin degradation. However, there was no correlation 338 between mass loss and cellulase activity. It would appear that the direct relationship between 339 cellulose degradation and cellulase activity has become more complicated, as other enzymes are 340 more important in degrading these wood chips. Similarly, even though a correlation was found 341 between mass loss and cellulose degradation with Q. robur, lignin degrading enzymes rather than 342 cellulase became a more important factor in mass loss. This is supported by microscopy studies 343 revealing fungi degrading the resilient S3 lignin layer of Q. 
